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COMPOUNDS AND METHODS FOR
TREATING TIGHT JUNCTION
PERMEABTILITY

FIELD OF THE INVENTION

The present invention provides compositions and meth-
ods for treating conditions associated with a lack of tight
junction integrity, including of the intestinal epithelium.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage Entry of PCT/
US2019/019330, filed Feb. 25, 2019, which claims priority
to U.S. Provisional Application No. 62/634,536, filed on
Feb. 23, 2018, the contents of which are hereby incorporated
in their entirety.

The claimed mmvention was made by, or on behalf of, one
or more of the following parties to a joint research agree-
ment: Innovate Biopharmaceuticals, Inc. (now 9 Meters
Biopharma, Inc.) and North Carolina State University. The
agreement was 1n elflect on and before the date the claimed
invention was made, and the claimed 1nvention was made as
a result of activities undertaken within the scope of the
agreement.

BACKGROUND

The intestinal epithelium 1s the layer of cells that forms
the luminal surface of the small and large intestines of the
gastrointestinal (GI) tract, and represents the largest inter-
face (more than 400 m~) between the external environment
and the internal milieu. The testinal epithelium has two
important functions: absorbing nutrients and providing a
barrier against harmful environmental substances such as
bacteria, viruses, toxins, and food allergens.

The barrier properties of the intestinal epithelium are
regulated by specialized plasma membrane structures
known as tight junctions. Alterations 1n tight junctions can
result 1n disruptions of the intestinal barrner functions and
increased intestinal permeability. An intact intestinal barrier
prevents the permeation of pathogens, antigens, endotoxins,
and other promflammatory substances into the body,
whereas mtestinal disintegrity allows their entry, which may
trigger or exacerbate local or systemic inflammatory disease.

Larazotide 1s a peptide agent that promotes tight junction
integrity. Larazotide has the amino acid sequence: Gly Gly
Val Leu Val Gln Pro Gly (SEQ ID NO:1), and can be
tformulated for targeted release 1n affected portions of the GI
(e.g., small intestine and/or large intestine) or delivered to
other tissues that exhibit reduced integrity of tight junctions.
Larazotide has been described as exhibiting an imnverse dose
response, where higher doses show an attenuated activity or
no activity at all. This inverse dose response may limit the
overall eflicacy of the drug and requires undesirable dosing
schedules.

DESCRIPTION OF THE INVENTION

The present mmvention provides Larazotide dernivative
compositions that resist protease degradation, and 1n various
embodiments, do not demonstrate an inverse dose response,
and/or can be delivered at higher doses without loss of
potency or eilicacy, thereby allowing improved therapy
and/or more desirable dosing schedules.
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“Larazotide” 1s an eight amino acid peptide that has the
sequence GGVLVQPG (SEQ ID NO:1), alternatively

depicted using the formula G1-G2-V3-L4-V5-Q6-P7-G8
(SEQ ID NO:1) to indicate amino acid sequence numbering.
[Larazotide, when formulated as the salt with acetic acid, 1s
Larazotide acetate. Larazotide functions promotes tight
junction mtegrity, including of the intestinal epithelium, and
1s being evaluated as a therapy for patients with celiac
disease (CeD).

In accordance with certain embodiments, the present
invention provides Larazotide dernivatives having various
amino acid modifications that confer increased resistance to
exopeptidase degradation, including aminopeptidase degra-
dation. A protease or peptidase 1s an enzyme that catalyzes
the hydrolytic degradation of peptide bonds. Peptidases can
be exopeptidases or endopeptidases. An exopeptidase cata-
lyzes the cleavage of the terminal or penultimate peptide
bond. Depending on whether the amino acid is released from
the amino or the carboxy terminus, an exopeptidase 1s
turther characterized as an aminopeptidase or a carboxypep-
tidase, respectively. An aminopeptidase, such as an enzyme
found 1n the brush border of the small intestine, will cleave
one or more amino acids from the amino terminus of the
peptide. A carboxypeptidase, such as an enzyme present in
the digestive pancreatic juice, will cleave one or more amino
acids from the carboxylic end of the peptide. A peptide can
undergo multiple rounds of N- or C-terminal cleavage.

Larazotide has been shown in climical trials to exhibit
significant benefit at reducing CeD symptoms, particularly
at the lower doses (e.g., 0.5 mg dose). See US 2016/
0022760, which 1s hereby incorporated by reference 1n 1ts
entirety, and 1n particular for the formulations and dosages
outlined therein. Higher doses (e.g., 1 mg and 2 mg doses)
showed an attenuation of activity, or no activity at all. In
accordance with this disclosure, 1t 1s believed that an ami-
nopeptidase located within the brush borders of the lumen
surface may create Larazotide-derived fragments, including
fragments missing N-terminal glycine residues. For
example, the fragments GVLVQPG (SEQ ID NO:2) and
VLVQPG (SEQ ID NO:3) are mactive as tight junction
regulators. Moreover, when these two fragments are mixed
with full length Larazotide, activity 1s completely abolished.
Local buildup of these 1nactive Larazotide fragments (due to
excessive doses of Larazotide) may in fact compete and
block function of the peptide. This would explain clinical
observations that low doses of Larazotide work best by
avoilding the reservoir of competing inactive fragments.

The present invention provides compounds that promote
tight junction integrity (e.g., epithelial or endothelial tight
junction integrity), and which exhibit resistance to exopep-
tidases, such as aminopeptidases. In some embodiments,
administering the pharmaceutical compositions of the pres-
ent 1nvention to patients 1n need, avoids substantial accu-
mulation of inactive peptide fragments such as GVLVQPG
(SEQ ID NO:2), VLVQPG (SEQ ID NO:3), VLVQP (SEQ
ID NO:4), and GVLVQP (SEQ ID NO:5). In various
embodiments, the peptides of the present invention are
derivatives of Larazotide with one or more amino acid
modifications that reduce or inhibit exopeptidase activity on
the peptide. These modifications include amino acid substi-
tutions at the N- and/or C-terminus to reduce exopeptidase
digestion, extension ol the N- and/or C-termim to delay
exopeptidase digestion of the functional peptide, incorpora-
tion of D amino acids, as well as cyclization.

In various embodiments, the peptide comprises the amino
acid sequence of SEQ ID NO:1, with one or two substitu-
tions (at one or both of the N- and C-termini) of an amino
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acid having a different side chain, so as to reduce proteolytic
susceptibility. In some embodiments, the peptide comprises
amino acid substitutions for one or both of the N-terminal
glycine residues, and optionally for the C-terminal Gly, or
optionally for the two C-terminal amino acid residues. The
amino acid substitutions may be a genetically-encoded or a
non-genetically-encoded amino acid, and which are each
optionally D-amino acids.

In various embodiments, the substitutions comprise non-
polar amino acids, and/or amino acids with bulky side
chains. Exemplary substitutions at the N- and/or C-terminus
include amino acids selected from alanine (A), histidine (H),
i1soleucine (I), leucine (L), methionine (M), phenylalanine
(F), proline (P), tryptophan (W), tyrosine (Y ), and valine
(V). Non-genetically encoded amino acids include N-methyl
amino acids, allylglycine, selenocysteine, pyrrolysine,
N-formylmethionine, p-amino acids such as [3-alanine,
GABA, o-Aminolevulinic acid, 4-aminobenzoic acid
(PABA), 2,4-diaminobutyric acid, a-amino 1sobutyric acid,
4-aminobutyric acid, 2-amino butyric acid, y-Abu, e-Ahx,
6-amino hexanoic acid, 2-amino isobutyric acid, 3-amino
propionic acid, ormithine, norleucine, norvaline, hydroxy-
proline, sarcosine, citrulline, homocitrulline, cysteic acid,
t-butylglycine, t-butylalanine, phenylglycine, homo-amino
acids such as homophenylalanine, cyclohexylalanine, and
fluoro-amino acids (such as fluoro-substituted phenylalanine
or tyrosine). In various embodiments, the amino acid sub-
stitution(s) are selected from alanine, valine, isoleucine,
leucine, norleucine, norvaline, and allylgly.

In some embodiments, the peptide comprises a substitu-
tion of an amino acid (e.g., a substitution of one or more
N-terminal Gly residues, and/or the C-terminal Gly residue)
with a charged side chain. In some embodiments one or both
of the N terminal glycine residues are replaced with an
amino acid having a charged side chain. Amino acids with
negatively charged side chains include aspartic acid (D) and
glutamic acid (E). Amino acids with positively charged side
chains include lysine (K), arginine (R), and histidine (H).

In exemplary embodiments, a methionine (M) replaces
one or both of the N terminal glycine residues of SEQ ID
NO:1.

In some embodiments, the peptide has a single amino acid
addition at the N-terminus to prevent or slow aminopepti-
dase action. While any amino acid other than Gly could be
employed, exemplary peptides 1n these embodiments
include MGGVLVQPG (SEQ ID NO:6), HGGVLVQPG
(SEQ ID NO:7), FGGVLVQPG (SEQ ID NO:8), and
LGGVLVQPG (SEQ ID NO:9). Exemplary peptides have
the formula X1-G2-G3-V4-L35-V6-Q7-P8-GY9 (SEQ 1D
NO:10), where X 1s a genetically-encoded or non-geneti-
cally encoded amino acid other than Gly. In some embodi-
ments, X may be alanine, valine, 1soleucine, leucine, nor-
leucine, norvaline, and allylgly, and may optionally be a
D-amino acid.

In various embodiments, the peptide comprises amino
acid substitutions of at least one of the N terminal glycine
residues (and the substitution may optionally be a D-amino
acid), optionally 1n combination with a C-terminal extension
of from 1 to 8 amino acids, such as C-terminal extensions of
2, 3, 4, or 5 amino acids. Some exemplary embodiments
include, X1-G2-V3-L4-V3-Q6-P7-G8 (SEQ ID NO:11),
G1-X2-V3-L4-V3-Q6-P7-G8 (SEQ ID NO:12), X1-X2-V3-
[.4-V3-Q6-P7-G8 (SEQ ID NO:13), X1-G2-V3-L4-V5-Q6-
P7-G8-X9-X10 (SEQ ID NO:14), and X1-X2-V3-L4-V5-
Q6-P7-G8-X9-X10 (SEQ ID NO:135) wherein X 1s an
independently selected genetically-encoded or non-geneti-
cally-encoded amino acid, such as an amino acid selected
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4
from A, S, T, WFELL K M,C,PN,Q,E,D,R,H,V, and
Y). In some embodiments, the C-terminal extension amino
acid(s) comprise one or more Gly residues.
In these or other embodiments, the peptide comprises an
addition of amino acid(s) to the N- and/or C-terminus with

respect to the peptide of SEQ ID NO:1. The addition of at
least one amino acid to the N terminus and/or C-terminus
may conier resistance by delaying exopeptidase degradation
because said exopeptidase would have a longer stretch of
amino acids to digest, thus delaying the formation of the
inactive fragments.

In various embodiments, the N- and/or C-terminal exten-
sion amino acids may be selected from non-polar amino
acids and/or amino acids with bulky side chains. Exemplary
substitutions at the N- and/or C-terminus include one or
more of Ala, His, Ile, Leu, Met, Phe, Pro, Trp, Tyr, and Val.
Non-genetically encoded amino acid useful 1in these embodi-
ments mclude N-methyl amino acids, allylglycine, seleno-
cysteine, pyrrolysine, N-formylmethionine, 3-amino acids
such as p-alamine, GABA, Aminolevulinic acid, 4-amino-
benzoic acid (PABA), 2.4-diaminobutyric acid, o-amino
1sobutyric acid, 4-aminobutyric acid, 2-amino butyric acid,
v-Abu, e-Ahx, 0-amino hexanoic acid, 2-amino i1sobutyric
acid, 3-amino propionic acid, ornithine, norleucine, norva-
line, hydroxyproline, sarcosine, citrulline, homocitrulline,
cysteic acid, t-butylglycine, t-butylalanine, phenylglycine,
homo-amino acids such as homophenylalanine, cyclohexy-
lalanine, and fluoro-amino acids (such as fluoro-substituted
phenylalanine or tyrosine). In various embodiments, the
amino acid substitution(s) are selected from alanine, valine,
1soleucine, leucine, norleucine, norvaline, and allylgly.

In various embodiments of the present invention, at least
one, at least 2, at least 3, at least 4, at least 5, at least 6, at
least 7, at least &, at least 9, or at least 10 amino acids are
added to the N and/or C terminus, with respect to SEQ 1D
NO:1. In an embodiment, the peptide comprises the addition
of at least one amino acid to both the N and C termini with
respect to SEQ ID NO:1, and the additional amino acid
residues are optionally D-amino acids.

In an embodiment, the peptide comprises the addition of
at least 2 glycine residues to the N or C terminus with respect
to SEQ ID NO:1. For example, the peptide may comprise the
formula (GG)'GGVLVQPG, where n=1 to 10 (SEQ ID NO:
16), and where n 1s optionally 2, 3, 4, or 5.

In some aspects, the invention provides the compounds of
SEQ ID NO:1 having one or more D-amino acids. D-amino
acids are rarely found in nature, and exopeptidases, 1n
general, have difliculty recognizing D-amino acids as a
substrate. Accordingly, compositions comprising at least one
D-amino acid may provide for the same amino acid
sequence but 1n a left-handed configuration, as opposed to
[-amino acids 1n the right-handed configuration. In various
embodiments, peptides of the present invention comprising
at least one D-amino acid at the N- or C-terminus confer
increased resistance to exopeptidase degradation by exopep-
tidases, and 1n particular, aminopeptidases. In some embodi-
ments, the peptide exhibits increased resistance to degrada-
tion as compared to Larazotide.

In various embodiments, the peptide has at least one, at
least two, at least three, at least four, at least five, at least six,
at least seven, or at least eight D-amino acids. In an
embodiment, each amino acid of the Larazotide derivative
(other than Gly) 1s a D-amino acid, and 1s optionally a
retro-inverso peptide. A retro-inverso peptide contains the
iverse amino acid sequence (e.g., GPQVLVGG, SEQ ID
NO:17), with all non-glycine amino acids present as
D-amino acids. Retro-inverso peptides maintain side chain
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topology similar to that of the original L-amino acid peptide,
and render the peptide more resistant to proteolytic degra-
dation. In some embodiments, the N-terminal Gly of the
retro-inverso peptide 1s substituted with Ala, Leu, Ile, Val, or
Allylgly. In these or other embodiments, one or both of the
C-termunal Gly residues of the retro iverso peptide 1s/are
substituted with an amino acid independently selected from
Ala, Leu, Ile, Val, or Allylgly.

In other embodiments, the peptide having the amino acid
sequence of SEQ ID NO:1 has one or two D-amino acids at
the N- and optionally the C-terminus, with all other amino
acids 1n the L configuration. In these embodiments, the N-
and/or C-terminus are substituted or extended such that the
peptide does not have a glycine at the terminus (Gly does not
have D- and L-configurations). In some embodiments, the
terminal Gly residues are replaced with D-Ala.

D-amino acids are depicted herein using “(d)” to indicate
that the following amino acid i the D conformation.
Accordingly, exemplary peptides 1n accordance with these
aspects of the mvention include: (d)X1-G2-V3-1L.4-V3-Q6-
P7-G8 (SEQ ID NO:18), G1-G2-V3-L4-V5-Q6-P7-(d)X8
(SEQ ID NO:19), (d)X1-(d)X2-V3-L4-V5-Q6-P7-G8 (SEQ
ID NO:20), (d)X1-G2-V3-L4-V3-Q6-P7-(d)X8 (SEQ ID
NO:21), (d)X1-(d)G2-V3-L4-V35-Q6-P7-(d)X8 (SEQ ID
NO:22), and (d)X1-(d)X2-V3-L4-V5-Q6-(d)P7-(d)X8
(SEQ ID NO:23), where X 1s an independently selected
genetically or non-genetically-encoded amino acid other
than Gly. In some embodiments, X 1s a cyclic side chain for
one or both of the N terminal glycine residues of SEQ ID
NO:1, such as phenylalanine, tyrosine, histidine, proline, or
tryptophan.

In these or other embodiments, the peptide 1s a cyclized
derivative ol Larazotide, which can be synthesized using
chemical moieties (using well known F-moc chemistries, for
example) as well as by the incorporation of amino acid
residues with functional groups that allow cyclization, such
as cysteine residues that spontaneously form disulfide bonds
to cyclize peptides or synthetic amino acids that permait
covalent cyclization. See C. White and A. Yudin, (2011)
Nature Chemistry 3: 509-524, the entire contents of which
are hereby incorporated by reference, specifically with
regards to general peptide cyclization method consider-
ations.

Thus, 1n some embodiments, cyclized Larazotide deriva-
tives are synthesized to include at least two amino acid
modifications so that a covalent linkage, such as a disulfide
bond 1n the case of cysteine residues, 1s formed 1n order to
confer increased resistance to exopeptidase degradation,
particularly aminopeptidase degradation.

In some embodiments, the peptide 1s cyclized using
reactive groups at or near the N- and/or C-terminus of the
peptide, and using any available chemistry. In various
embodiments, the peptide comprises an amino acid substi-
tution or extension on the N- and/or C-terminus having a
chemically reactive side chain such that a covalent bond
(c.g., a disulfide bond in the case of Cysteines) can be
formed, either spontaneously or with the addition of a
chemically reactive reagent (which can be a bivalent reagent
in some embodiments, and may contain an alkyl linker
structure). The amino acid modifications may comprise
isertions or additions of said cysteine residues, or other
amino acid having a chemically reactive side chain, such as
a hydroxyl, amine, amide, or sulthydryl. In other embodi-
ments, a cyclized Larazotide derivative 1s formed by intro-
ducing at least two synthetic amino acids with side chains
that facilitate covalent linkage. Accordingly, these embodi-
ments can exploit the glycine residues that will allow the
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peptide to bend, thus bringing into close proximity the N-
and C-terminal ends, thereby facilitating a covalent linkage
to form.

Specific embodiments include, but are not limited to,
G1-G2-C-V3-L4-V5-Q6-P7-G8 (SEQ ID NO:24), (n-1)C-
G1-G2-V3-L4-V3-Q6-P7-G8-9C (SEQ ID NO:25) and
(n-3)C-(n-2)G-(n-1)G-G1-G2-V3-L4-V5-Q6-P7-G8-9C
(SEQ ID NO:26).

In various embodiments, the peptide exhibits increased
resistance to peptidase degradation as compared to the
peptide of SEQ ID NO:1. The degree of resistance can be
quantified using any suitable peptidase activity assay. One of
skill 1n the art will appreciate the various quantitative and
qualitative methods in which protein degradation may be
measured in order to determine susceptibility to peptidase
activity. In some embodiments, the peptide demonstrates
resistance to aminopeptidase activity, and 1n some embodi-
ments, a human aminopeptidase found 1n the brush borders
of the human lumen surface. In some embodiments, the
peptide demonstrates resistance to a carboxypeptidase, such
as a human carboxypeptidase.

In various embodiments, the invention provides methods
for promoting tight junction integrity of a tissue, mncluding
tight junction integrity of epithelial or endothelial cells, by
administering a peptide or composition described herein. In
some embodiments, the peptide or composition 1s adminis-
tered to the gastrointestinal tract (GI) to prevent or reduce
gastrointestinal inflammation. Compositions can be formu-
lated for targeted release 1n aflected portions of the GI (e.g.,
small intestine and/or large intestine). In other embodiments,
Larazotide 1s administered systemically (e.g., intravenously
or by subcutaneous injection). In some embodiments, the
peptide composition 1s administered to the lungs as a solu-
tion aerosol or powder.

In various embodiments, the composition 1s formulated to
have a delayed-release profile, 1.e. targeted release of the
Larazotide denivatives in the GI tract. The delayed-release
profile allows for the Larazotide derivate to not be imme-
diately released upon ingestion; but rather, there 1s a post-
ponement of the release until the composition 1s lower 1n the
gastrointestinal tract. The denivative can be formulated for
release 1n the small intestine (e.g., one or more of duodenum,
jejunum, and ileum) and/or the large intestine (e.g., one or
more of cecum, ascending, transverse, descending or sig-
moi1d portions of the colon, and rectum). In an embodiment,
the pharmaceutical composition 1s formulated to have a
delayed-release profile as described in, for example, U.S.
Pat. No. 8,168,594, the entire contents of which are hereby
incorporated by reference.

In various embodiments, the compositions of the present
invention may use one or more modified-release coatings
such as delayed-release coatings to provide for eflfective,
delayed yet substantial delivery of the peptide to the GI tract.
For example, a composition can be enteric coated to delay
release of the peptide until 1t reaches the small intestine or
the large intestine.

In some embodiments, the subject has celiac disease, and
the peptide 1s formulated for targeted release 1n the small
intestine, including the duodenum and jejunum (and option-
ally the 1leum). Methods of treatment with Larazotide for-
mulations are disclosed US 2016/0022760, which 1s hereby
incorporated by reference 1n 1ts enfirety.

In some embodiments, the invention provides a method
for treating Inflammatory Bowel Disease, such as Crohn’s
Disease or Ulcerative Colitis, by administering the peptides
of the present invention, formulated for delivery to aflected
portions of the GI.
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In some embodiments, the invention provides methods of
treating other conditions of the gastrointestinal tract, such as
environmental enteropathy or necrotizing enterocolitis, by
administering the peptides of the present invention formu-
lated for delivery to the GI.

In still other embodiments, the invention provides meth-
ods for treating leaky gut, or methods for improving tight
junction integrity of the intestinal epithelium, including in
patients having or at risk of inflammatory liver disease, such
as non-alcoholic fatty liver disease (NAFLD), non-alcoholic
steatohepatitis (NASH), or a fatty liver disease resulting
from hepatitis, obesity, diabetes, insulin resistance, hyper-
triglyceridemia, abetalipoproteinemia, glycogen storage dis-
case, Weber-Christian disease, Wolmans disease, acute fatty
liver of pregnancy, and liver regeneration.

In some embodiments, the subject has chronic kidney
disease, which can be Stage 1, Stage 2, Stage 3, or Stage 4.
Kidney disease can manifest from small changes in kidney
function, resulting 1n low glomerular filtration rate (GFR)
measured in ml/min/1.73 m?*, which can eventually lead to

loss of kidney function and/or kidney {failure. In some
embodiments, patients with Stage 1 chronic kidney disease
have a GFR of 90 ml/min/1.73 m” or higher, indicating
kidney damage with normal kidney function; patients with
Stage 2 chronic kidney disease have a GFR of 89 to 60
ml/min/1.73 m?, indicating kidney damage with mild loss of
kidney function; patients with Stage 3a chronic kidney
disease have a GFR of 59 to 45 ml/min/1.73 m®, indicating
mild to moderate loss of kidney function; patients with Stage
3b chronic kidney disease have a GFR of 44 to 30 ml/min/
1.73 m?, indicating moderate to severe loss of kidney
function; patients with Stage 4 chronic kidney disease have
a GFR 0f 29 to 15 ml/min/1.73 m>, indicating severe loss of
kidney function; and patients with Stage 5 chronic kidney
disease have a GFR of less than 15 ml/min/1.73 m=>, indi-
cating total loss of kidney function and/or kidney failure. In
turther embodiments, patients with chronic kidney disease
exhibit high levels of serum creatinine.

In some embodiments, the peptide 1s formulated for
pulmonary delivery or systemic delivery, and administered
to subjects having or at risk of Acute Lung Injury (ALI) or
Acute Respiratory Distress Syndrome (ARDS).

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 26
<210>
<211>
<212>
<213>
220>

<223>

SEQ ID NO 1

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION: Synthetic polymer.

<400> SEQUENCE: 1

Gly Gly Val Leu Val Gln Pro Gly
1 5

<210>
<211>
«212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 7

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION: Synthetic polymer.

10
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In some embodiments, the peptide 1s administered 1n unit
dosage forms (e.g., tablets, capsules, or solutions), at higher
than about 0.5 mg per unit dose, which can provide for
improved eflicacy as compared to a corresponding unit dose
of Larazotide. For example, the peptide unit dose may be
about 1 mg or more, or about 2 mg or more, or about 5 mg
or more, or about 10 mg or more. Unit doses may be
formulated for sustained release in some embodiments.

In some embodiments, unit doses are administered about
3 times daily. However, in some embodiments, the peptide

has a longer half-life 1n vivo than Larazotide, and thus may
have a more durable biological action. In some embodi-

ments, the peptide composition 1s administered no more than
twice per day on average, or no more than once per day on
average.

Larazotide derivatives of the present invention may be
administered in any suitable form, including as a salt. For
example, peptides may be administered as an acetate salt.
Alternative salts may be employed, including any pharma-
ceutically acceptable salt such as those listed in Journal of

Pharmaceutical Science, 66, 2-19 (1977) and The Handbook
of Pharmaceutical Salts; Properties, Selection, and Use. P.
H. Stahl and C. G. Wermuth (eds.), Verlag, Zurich (Swit-
zerland) 2002, which are hereby incorporated by reference
in their entirety.

In various embodiments, the peptides are formulated as
pharmaceutical compositions, which can take the form of
tablets, pills, pellets, capsules, capsules containing liquids,
capsules containing multiparticulates, powders, solutions,
emulsion, drops, suppositories, emulsions, acrosols, sprays,
suspensions, delayed-release formulations, sustained-re-
lease formulations, controlled-release formulations, or any
other form suitable for use.

In some embodiments, the pharmaceutical compositions
are formulated as a composition adapted for parenteral
administration. Dosage forms suitable for parenteral admin-
istration (e.g. intravenous, mtramuscular, or intraperitoneal
injection and infusion) include, for example, solutions,
suspensions, dispersions, emulsions, and the like. They may
also be manufactured in the form of sterile solid composi-
tions (e.g. lyophilized composition), which can be dissolved
or suspended 1in sterile injectable medium immediately
before use. They may contain, for example, suspending or
dispersing agents.




<400> SEQUENCE: 2

Gly Val Leu Val Gln Pro Gly
1 5

<210> SEQ ID NO 3

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.

<400> SEQUENCE: 3

Val Leu Val Gln Pro Gly
1 5

<210> SEQ ID NO 4

<211l> LENGTH: b5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> QOTHER INFORMATION: Synthetic polymer.

<400> SEQUENCE: 4

Val Leu Val Gln Pro
1 5

<210> SEQ ID NO b

<211> LENGTH: 6

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.

<400> SEQUENCE: 5

Gly Val Leu Val Gln Pro
1 5

<210> SEQ ID NO o6

<211> LENGTH: 9

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.

<400> SEQUENCE: o

Met Gly Gly Val Leu Val Gln Pro Gly
1 5

<210> SEQ ID NO 7

<211> LENGTH: 9

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.

<400> SEQUENCE: 7

Hig Gly Gly Val Leu Val Gln Pro Gly
1 5

<210> SEQ ID NO 8

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.

US 11,608,359 B2

-continued
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-continued

<400> SEQUENCE: 8

Phe Gly Gly Val Leu Val Gln Pro Gly
1 5

<210> SEQ ID NO ©

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic polymer.

<400> SEQUENCE: 9

Leu Gly Gly Val Leu Val Gln Pro Gly
1 5

<210> SEQ ID NO 10

<211> LENGTH: 9

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic polymer.

<220> FEATURE:

«221> NAME/KEY: X

222> LOCATION: (1).. (1)

223> OTHER INFORMATION: X 1s a dgenetically-encoded or non-genetically
encoded amino acid other than Gly, such as an amino acid selected
from A, 5, T, W, F, I, L, K, M, C, P, N, Q, E, D, R, H, V, and Y.

<400> SEQUENCE: 10

Xaa Gly Gly Val Leu Val Gln Pro Gly
1 5

<210> SEQ ID NO 11

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.

<220> FEATURE:

«221> NAME/KEY: X

«222> LOCATION: (1) .. (1)

<223> OTHER INFORMATION: X 1s a genetically-encoded or non-genetically

encoded amino acid other than Gly, such as an amino acid selected
from a, 5, T, W, F, I, L, K, M, C, P, N, Q, E, D, R, H, V, and Y.

<400> SEQUENCE: 11

Xaa Gly Val Leu Val Gln Pro Gly
1 5

<210> SEQ ID NO 12

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.

<220> FEATURE:

«221> NAME/KEY: X

222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: X 1s a genetically-encoded or non-genetically
encoded amino acid other than Gly, such as an amino acid selected

from &aA, S, T, W, F, I, L, K, M, ¢, P, N, @, E, D, R, H, V, and Y.
<400> SEQUENCE: 12
Gly Xaa Val Leu Val Gln Pro Gly

1 5

<210> SEQ ID NO 13
<211> LENGTH: 8
«212> TYPE: PRT

12
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-continued

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (1) .. ({(2)

<223> OTHER INFORMATION: X 1s a genetically-encoded or non-genetically
encoded amino acid other than Gly, such as an amino acid selected
from a, 5, T, W, F, I, L, K, M, C, P, N, Q, E, D, R, H, V, and Y.

<400> SEQUENCE: 13

Xaa Xaa Val Leu Val Gln Pro Gly
1 5

<210> SEQ ID NO 14

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.

<220> FEATURE:

«221> NAME/KEY: X

«222> LOCATION: (1) .. (1)

<223> QOTHER INFORMATION: X 1s a genetically-encoded or non-genetically
encoded amino acid other than Gly, such as an amino acid selected
from A, 5, T, W, F, I, L, K, M, C, P, N, Q, E, D, R, H, V, and Y.

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (9)..{(10)

<223> OTHER INFORMATION: X 1s a genetically-encoded or non-genetically
encoded amino acid other than Gly, such as an amino acid selected
from A, 5, T, W, F, I, L, K, M, C, P, N, Q, E, D, R, H, V, and Y.

<400> SEQUENCE: 14

Xaa Gly Val Leu Val Gln Pro Gly Xaa Xaa
1 5 10

<210> SEQ ID NO 15

<211l> LENGTH: 10

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic polymer.

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (1) ..({(2)

223> OTHER INFORMATION: X 1s a dgenetically-encoded or non-genetically
encoded amino acid other than Gly, such as an amino acid selected
from A, S, T, W, F, I, L, K, M, C, P, N, Q, E, D, R, H, V, and Y.

<220> FEATURE:

«221> NAME/KEY: X

222> LOCATION: (9)..(10)

<223> OTHER INFORMATION: X 1s a genetically-encoded or non-genetically

encoded amino acid other than Gly, such as an amino acid selected
from a, 5, T, W, F, I, L, K, M, C, P, N, Q, E, D, R, H, V, and Y.

<400> SEQUENCE: 15

Xaa Xaa Val Leu Val Gln Pro Gly Xaa Xaa
1 5 10

<210> SEQ ID NO 16

<211l> LENGTH: 10

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic polymer.

<400> SEQUENCE: 1o

Gly Gly Gly Gly Val Leu Val Gln Pro Gly
1 5 10
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-continued

<210> SEQ ID NO 17

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.

<400> SEQUENCE: 17

Gly Pro Gln Val Leu Val Gly Gly
1 5

<210> SEQ ID NO 18

<211> LENGTH: 8

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (1) .. (1)

<223> OTHER INFORMATION: X 1s an independently selected genetically or
non-genetically-encoded amino acid other than Gly, and in the D
conformation.

<400> SEQUENCE: 18

Xaa Gly Val Leu Val Gln Pro Gly
1 5

<210> SEQ ID NO 19

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic polymer.

<220> FEATURE:

«221> NAME/KEY: X

222> LOCATION: (8)..(8)

223> OTHER INFORMATION: X 1s an independently selected genetically or
non-genetically-encoded amino acid other than Gly, and in the D
conformation.

<400> SEQUENCE: 19

Gly Gly Val Leu Val Gln Pro Xaa
1 5

<210> SEQ ID NO 20

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.

<220> FEATURE:

«221> NAME/KEY: X

«222> LOCATION: (1) .. ({(2)

<223> OTHER INFORMATION: X 1s an independently selected genetically or
non-genetically-encoded amino acid other than Gly, and in the D
conformation.

<400> SEQUENCE: 20

Xaa Xaa Val Leu Val Gln Pro Gly
1 5

<210> SEQ ID NO 21

<211> LENGTH: &8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polymer.
<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (1) .. (1)

16



<223 >

220>
<221>
<222 >
<223 >

<400>

17

OTHER INFORMATION: X 1is
non-genetically-encoded

conformation.
FEATURE:

NAME /KEY: X
LOCATION: (8)..(8)

OTHER INFORMATION: X 1s

non-genetically-encoded
conformation.

SEQUENCE: 21

US 11,608,359 B2

an independently
amino acid other

an independently
amino acid other

Xaa Gly Val Leu Val Gln Pro Xaa

1

<210>
<211>
<212 >
<213>
220>
<223 >
220>
<221>
<222 >
<223 >

<220>
<221>
<222 >
<223 >
<220>
<221>
<222 >
<223 >

<400>

5

SEQ ID NO 22
LENGTH: 8
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic polymer.

FEATURE:

NAME/KEY: X
LOCATION: (1) .. (1)

-continued

selected genetically or
than Gly, and in the D

selected genetically or
than Gly, and in the D

OTHER INFORMATION: X i1g an independently selected genetically or
non-genetically-encoded amino acid other than Gly, and in the D

OTHER INFOEMATION: G2 1ig in the D conformation.

conformation.
FEATURE:

NAME /KEY: G2
LOCATION: (2)..(2)
FEATURE:

NAME /KEY: X
LOCATION: (8)..(8)

OTHER INFORMATION: X 1g an ilndependently selected genetically or
non-genetically-encoded amino acid other than Gly, and in the D

conformation.

SEQUENCE: 22

Xaa Gly Val Leu Val Gln Pro Xaa

1

<210>
<211>
<«212>
<213>
<220>
<223 >
<220>
«221>
222>
<223 >

«220>
<221>
<222>
<223 >
<220>
<221>
<222
<223>

<400>

5

SEQ ID NO 23
LENGTH: 8
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic polymer.

FEATURE:
NAME/KEY: X
LOCATION: (1) .. (2)

OTHER INFORMATION: X 1ig an independently selected genetically or
non-genetically-encoded amino acid other than Gly, and in the D

OTHER INFOREMATION: P7 ig in the D conformation.

conformation.
FEATURE:

NAME/KEY: P7
LOCATION: (7)..(7)
FEATURE:

NAME/KEY: X
LOCATION: (8)..(8)

OTHER INFORMATION: X 1s an i1ndependently selected genetically or
non-genetically-encoded amino acid other than Gly, and in the D

conformation.

SEQUENCE: 23

Xaa Xaa Val Leu Val Gln Pro Xaa

1

<210>
<211>
<«212>
<213>
<220>

5

SEQ ID NO 24
LENGTH: 9
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

18
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19

20

-continued

223> OTHER INFORMATION: Synthetic polymer.

<400> SEQUENCE: 24
Gly Gly Cys Val Leu Val Gln Pro Gly
1 5

<210>
<211>
<«212>
<213>
<220>
<223 >

SEQ ID NO 25

LENGTH: 10

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic polymer.

<400> SEQUENCE: 25
Cys Gly Gly Val Leu Val Gln Pro Gly Cys

1 5 10

<210>
<211>
<212 >
<213>
220>
<223 >

SEQ ID NO 26

LENGTH: 12

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic polymer.

<400> SEQUENCE: 26

Cys Gly Gly Gly Gly Val Leu Val Gln Pro Gly Cys
1 5 10

The invention claimed 1s:

1. A method for promoting tight junction integrity of
intestinal barrier 1n a subject exhibiting symptoms of 1ntes-
tinal barrier dysfunction, comprising administering to the
small intestine of said subject a composition comprising a
unit dose of at least 1 mg of the peptide of SEQ ID NO: 1,
wherein each non-glycine amino acid 1s a D-amino acid,
thereby ameliorating said intestinal barrier dysfunction.

2. The method of claim 1, wherein the peptide 1s formu-
lated for targeted release in the small intestine.

3. The method of claim 1, wherein the subject has celiac
disease, Inflammatory Bowel Disease, environmental
enteropathy, necrotizing enterocolitis, inflammatory liver

disease, fatty liver disease, non-alcoholic fatty liver disease
(NAFLD), or non-alcoholic steatohepatitis (NASH).

4. The method of claim 3, wherein the subject has celiac
disease.

5. The method of claim 3, wherein the subject has
Inflammatory Bowel Disease.

6. The method of claam 3, wherein the subject has
environmental enteropathy.

7. The method of claam 3, wherein the subject has
necrotizing enterocolitis.
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8. The method of claim 3, wherein the subject has
inflammatory liver disease.

9. The method of claim 3, wherein the subject has fatty
liver disease.

10. The method of claim 9, wherein the fatty liver disease
results from hepatitis, diabetes, or insulin resistance.

11. The method of claim 3, wherein the subject has

non-alcoholic fatty liver disease (NAFLD).
12. The method of claim 3, wherein the subject has

non-alcoholic steatohepatitis (NASH).

13. The method of claim 1, wherein administering the
peptide 1s at a unit dose comprising at least 2 mg of said
peptide.

14. The method of claim 1, wherein administering the
composition 1s less than 3 times daily.

15. The method of claim 14, wherein administering the
composition 1s 2 times daily.

16. The method of claim 14, wherein administering the
composition 1s 1 time daily.

17. The method of claim 1, wherein the subject has
chronic kidney disease.

18. The method of claim 1, wherein the unit dose 1s

formulated for sustained release.
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